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Sulfonamides are adsorbed onto charcoal (1,  2) and can inhibit the adsorp- 
tion  of methylene  blue  (MB)  onto  charcoal.  Accordingly it  was  considered 
of interest to find out whether penicillin  (P) would adsorb onto charcoal.  Be- 
cause of the difficulties in assaying for P  the inhibition of MB adsorption was 
used as an indicator. 
Materials and Methods 
The charcoal adsorption  experiments  were carried  out as follows.  Norit A  was 
activated by heating at 100°C. for 24 hours after which it was kept in a desiccator with 
sodium hydroxide to remove COs and calcium chloride to remove the moisture.  Into 
10 ml. volumetric flasks was placed first  0.7 ml. of a  1 per cent solution of methylene 
blue, followed by the penicillin,  then distilled water added to the 10 ml. mark.  The 
flasks were placed in a  constant  temperature  water  bath  at  25°C.  for  10 minutes, 
then removed and 0.100 gin. of charcoal added.  The flasks were inverted three times 
and then placed in the bath again for exactly 10 minutes, at the end of which time the 
contents were filtered.  The filtrate concentration of methylene blue was determined 
in a Klett biocolorimeter by comparison with known standards.  With this technique 
the control filtrate usually contained about 3  X  10  -s per cent methylene blue.  In 
the experiments to study the effect of peptone on P inhibition of MB adsorption onto 
charcoal, the same method was used.  The peptone was added to the MB or to the 
MB plus penicillin in the flask before dilution to the 10 ml. mark with distilled water. 
A control without P or peptone was run for each experiment. 
Control (without penicillin or peptone)  =  concentration of MB present in the filtrate 
in excess  of saturation  of the  charcoal 
EXPERIMENTAL 
P  in  concentration  as  low as  100 units/ml,  inhibited  MB  adsorption  onto 
activated charcoal.  Table I  shows data from four representative experiments, 
giving the concentration of MB in the filtrate with varying amounts of penicil- 
[in.  The last  column gives the figures showing how many times  greater  the 
concentration of MB in the filtrate was in the presence than in the absence of 
*This investigation has been aided by a grant from the Josiah Macy, Jr., Founda- 
tion. 
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P.  These values are used in showing graphically (Fig. 1) the relationship be- 
tween P  concentration and its inhibitory effect. 
TABLE I 
Data from  Four  Typical Experiments  Giving  the  Concentration  of MB in the  Filtrate  in the 
Presence and Absence  of P* 
Experiment No. and 
its symbol in Fig. 1 
I (o) 
2 (+) 
3 (z~) 
4 (o) 
Concentration  P 
unlts  /sg. 
0 
100 
200 
30O 
40O 
0 
10O 
4OO 
800 
10O0 
0 
10O 
200 
400 
800 
100O 
Per cent concentration 
MB X  104 
0.32 
0.95 
2.15 
3.85 
4.05 
0.50 
0.93 
4.62 
3.33 
4.40 
1.18 
2.12 
4.00 
5.98 
10.2 
10.6 
0 
100 
200 
300 
400 
600 
800 
1000 
0.30 
3.00 
3.00 
2.40 
5.00 
7.20 
12.0 
7.50 
Concentration  MB in 
presence of P 
Concentration MB in 
absence of P 
3.0 
6.7 
12.0 
12.7 
1.9 
9.3 
6.7 
8.8 
1.8 
3.5 
5.1 
8.7 
9.0 
10.0 
10.0 
8.0 
17.0 
24.0 
40.0 
25.0 
* The experimental data are  rather irregular.  Experimental  error  is increased by the 
performance of experiments on a semimicro scale.  This was necessary because of a limited 
supply of penicillin.  Part of the variability probably was due to variation in the state of 
activation of the charcoal. 
Since there had been a  suggestion that peptone antagonizes P  inhibition of 
fertilized sea urchin eggs (3), the effect of peptone on P  inhibition of MB ad- 
sorption onto charcoal was studied.  As seen in Table IX, peptone in the con- 
centrations used strongly inhibited MB adsorption per se, but P  in much less 
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may be  explained either by a  specific  surface phenomenon at  the adsorbing 
charcoal surface or by an inactive complex formation between the P  and the 
peptone. 
TABLE II 
Combination of Penicillin and Peptone on MB Adsorption by Charcoal 
In the presence Of 
100 units/ml. P .......................................... 
0.1 per cent peptone  ...................................... 
Both combined  ........................................... 
100 units/ml. P .......................................... 
0.2 per cent peptone  ...................................... 
Both combined  .......................................... 
100 units/ml. P ......................................... 
1 per cent peptone  ....................................... 
Both combined  .......................................... 
100 units/ml. P ......................................... 
1 per cent peptone  ........................................ 
Both combined  ........................................... 
(Per cent concentration of 
una~lsorbed  MB--Imr cent 
concentration unadsorbed 
MB in control*) X  104 
1 
49 
43 
1 
53 
42 
2.4 
36 
22 
2.4 
28 
17 
* The control flask contained only charcoal and methylene blue (without either P  or 
peptone). 
DISCUSSION 
As stated under Materials and methods, the MB concentration in each flask 
before adsorption took place was 0.07 per cent.  It is apparent that the inhibi- 
tion by P approaches a maximum and by examination of Table I it is found that 
the amount of MB whose adsorption is inhibited by the highest P concentrations 
relative to the total MB initially present is very small.  Thus, although P  does 
inhibit the MB adsorption, most of the MB adsorption cannot be inhibited by 
P.  This is not surprising because charcoal is probably the most heterogeneous 
adsorbent known.  It is quite probable, therefore, that MB adsorbs onto mere 
than one type locus in charcoal.  The fact that most of the MB adsorption is 
not inhibited by P means that P  can inhibit the adsorption of MB only at one 
(or very few) of the type loci at which it is capable of adsorption in the absence 
of P.  The per cent of the MB adsorbed which is resistant to P action can be 
calculated; this amount of MB should be subtracted from the amount of MB 
required  for saturation  (original  concentration of MB--control value),  then 
the per cent inhibition of MB adsorption values will become spread out over the 
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Since 0.7 ml. of a  1.0 per cent solution of MB was diluted to a final volume of 
10 ml. in each flask, the MB concentration before adsorption by the charcoal 
was 0.070 per cent.  The average concentration of MB found in the filtrates 
without P  was approximately 5  ×  10 per  -5 cent or less than 0.1 per cent of the 
total MB.  At maximum inhibition by P~ the average concentration of MB in 
the filtrates in excess of the respective controls was approximately 1 X  10  -* per 
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FIG.  1.  Inhibition of MB adsorption onto activated charcoal. 
bd represents one experiment. 
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P~  =  any inhibitory concentration of P  less than that which produces maximum 
inhibition. 
FIo. 2.  Mass law test of penicillin  adsorption onto charcoal.  Symbols as in Fig. 1. 
U  =  uninhibited MB adsorption.  I  =  inhibited MB adsorption. 
cent or about 1.4 per cent of the total MB.  Almost 99 per cent of the total MB 
was  still  adsorbed,  its  adsorption  apparently  resistant  to  P.  Thus  if  P, 
represents any inhibitory concentration  of P  less than  that  which  produces 
maximum inhibition, 
(MB concentration at P= concentration -- control MB concentration)(100) 
(1) 
(MB concentration at maximum P inhibition -- control MB concentration) 
=  per cent inhibition of that fraction of adsorbed MB 
which is sensitive to P 
1 It is possible that by increasing the P  concentration above the range employed 
here, further inhibition may be obtained above this first maximum seen in Fig.  1, 
but limited supplies of penicillin prevented testing this.  If such were the case, there 
would be two possibilities:  first, the P could be now adsorbing onto the same locus by 
a  different type combination; second, the P  could be now adsorbing onto a different 
locus in the charcoal, either by a similar or dissimilar type combination. RICHARD J.  HENRY  AND  MARYON  D. HENRY  419 
If we let C  =  the locus in charcoal which adsorbs MB and/or P 
P  =  penicillin 
a  =  number of molecules of P  adsorbing per unit of C, 
a test of whether or not P adsorbs at this locus C according to the law of mass 
action can be made as follows: 
(2)  aP +  C  =  PoC. 
(3)  (P)-(c) =  K 
(PoC) 
If we assume that (Pd:) a  inhibition of MB adsorption =  I 
then (C) a  uninhibited MB adsorption =  U 
Substituting I  and U for their corresponding terms in Equation 3, and putting 
it into logarithmic form: 
(4) 
U 
log --: =  log K -- a log (P) 
1 
If the adsorption occurs at one type locus and obeys the mass law, then plotting 
log U/I vfrsus log (P) will give a straight line with a slope of a.  The adsorption 
data of inhibition of MB adsorption by P are plotted in this way in Fig. 2 and it 
is seen that a straight line is approximated. 
SUMMARY 
Penicinln inhibits the adsorption of methylene blue onto activated charcoal 
in concentrations as low as 100 units/ml. 
Penicillin in the low inhibitory concentration of 100 units/ml, antagonizes to 
a small extent the strong inhibition of MB adsorption by 0.1, 0.2, and 1 per cent 
peptone. 
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